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Abstract. Ecological metrics derived from habitat surveys can provide information necessary to understand pop-
ulation, community, and ecosystem processes. Here, we present a case study on the feasibility of extracting ecologi-
cal metrics from archeological studies of shipwrecks. Even though shipwrecks that are the focus of archeological
surveys also form habitat for diverse flora and fauna, shipwrecks are often studied separately by archeologists and
ecologists. Conducting joint archeological and ecological surveys promises to maximize research resources and out-
puts, yet this cross-disciplinary approach is rare. Here, we test the feasibility of extracting ecological metrics from
archeological surveys of two historically significant and deep (200 m) shipwrecks, the German U-boat U-576 and
the Nicaraguan freighter SS Bluefields, which sank in close proximity to one another on the continental shelf of North
Carolina, USA during World War II. First, we assessed fish density, community composition, behavior, and spatial
distribution on these shipwrecks using video and laser-line scanning data collected from human-occupied sub-
mersibles during archeological surveys. Second, we examined the ecological benefits and biases of pairing laser-line
scanning and video surveys designed for archeological specifications. Our approach allowed us to pinpoint loca-
tions of fish around the shipwrecks and to identify these fish to fine taxonomic levels. The extracted ecological data
revealed that both shipwrecks hosted high densities (U-576 38.2 + 4.0; SS Bluefields 32.0 £ 18.0 per along-ship tran-
sect) of demersal fishes, including grouper species, and that fish concentrated around high-relief shipwreck features.
More broadly, our findings demonstrate the utility and benefits of collecting multipurpose and cross-disciplinary
data and provide a proof-of-concept for conducting joint archeological and ecological studies.
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EMERGING TECHNOLOGIES

INTRODUCTION

A fundamental goal of ecology is to under-
stand relationships between species and their
habitats (Huffaker 1958, MacArthur and
MacArthur 1961, Simberloff and Wilson 1968).
Ecological metrics that describe species-habitat
relationships can provide data necessary for
untangling population, community, or ecosystem
processes. In systems that are remote or difficult
to access, however, it can be challenging to col-
lect sufficient data to derive or estimate these
ecological metrics. One approach toward over-
coming this challenge is to combine survey
efforts across disciplines (Lubchenco et al. 1991,
Daily and Ehrlich 1999, Martinez et al. 2006).
Interdisciplinary collaborations are common
between ecologists and economists (Peters 1992,
Farber et al. 2006, Loucks 2006, Polasky and
Segerson 2009), ecologists and politicians
(McCully 1996, Benjaminsen et al. 2010, Gold-
man et al. 2018), and ecologists and psycholo-
gists (Sheridan and Gutkin 2000, Nettle and
Penke 2010, Worthman 2010), for example. Ecolo-
gists and anthropologists also collaborate on
research topics ranging from deforestation to
fishing communities (McCay 1978, Sussman
1994). Archeology is a subfield of anthropology
(Lyman 2007), yet interdisciplinary ecological
and archeological studies are rare. Ecologists can
likely benefit from combining efforts with arche-
ologists to conduct joint surveys because this col-
laboration may maximize research outputs while
simultaneously addressing ecological and arche-
ological research objectives.

Underwater Cultural Heritage (UCH) repre-
sents remnants of human activity deposited in
submerged environments. These resources range
from ancient cities and ports to sacred sites, inun-
dated shoreline structures, and shipwrecks.
Archeological surveys of these resources serve to
identify, document, and gather information
through a variety of methods, including visual
observation, photographic documentation, appli-
cation of remote sensing technologies, and exca-
vation. While studies of such cultural resources
can provide new information that informs arche-
ological interpretation and expands our under-
standing of the past, these cultural resources also
form important habitats for diverse flora and
fauna. This occurs both on land and in
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underwater contexts. For example, plant species
have been found occupying ancient Egyptian
tombs (Day 2013), while species including
macroalgae, invertebrates, fishes, and top preda-
tors use shipwrecks and other submerged
human-made structures for habitat (Paxton et al.
2017). Given that diverse species use submerged
maritime resources as their habitat, conducting

joint archeological and ecological surveys
promises to maximize research resources and
outputs.

Despite the promise of joint archeological and
ecological surveys, ecological studies of species
and their habitats are often undertaken sepa-
rately from archeological investigations, and
archeological investigations utilizing environ-
mental and ecological information often solely
rely on this information as a means to under-
stand past human activity. Within the sub-
discipline of environmental archeology, for
example, the environmental or ecological pat-
terns revealed by analyzing pollen and climate
records have been used by archeologists to
understand how past societies interacted with
the environment (Guiot et al. 1989). And, within
the sub-discipline of battlefield archeology (Scott
et al. 2006), elements of the physical environment
and natural features that could influence human
activity have been used by archeologists to study
and interpret World War II shipwrecks (Bright
et al. 2012). Ecological indicators have also been
used to study archeological site formation pro-
cesses, for example, investigating microbial
action and resident biota to measure site preser-
vation and potential impacts to shipwrecks from
exposure to oil spills (Mugge et al. 2019). In con-
trast, ecologists can use artifacts discovered dur-
ing archeological investigations to provide
information on species and the age and coloniza-
tion of habitats by attached or associated biota.
For example, ancient art has been used to com-
pare sizes and populations of dusky grouper
(Epinephelus marginatus) depicted in early Etr-
uscan, Greek, and Roman murals to current spe-
cies metrics inside marine protected areas
(Guidetti and Micheli 2011). And, ecological
assessments of fossilized abalone shells from
archeological sites on the Channel Islands off the
coast of California, USA, have provided histori-
cal data on sea otter (Enhydra lutris) populations
(Erlandson and Rick 2010). Remotely-operated
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vehicle (ROV) video and photographic imagery
of archeological sites has been used to conduct
ecological surveys, such the analysis of ROV
videography to study the ecological communi-
cates associated with WWII shipwrecks in the
Gulf of Mexico (Church et al. 2007).

While these examples provide evidence for
archeologists using ecological patterns and ecolo-
gists using archeological information to answer
questions within their respective disciplines, the
case study that we present here highlights that
there are opportunities to further collaborative
archeological and ecological investigations using
methods that advance both disciplines. Here, we
evaluate the feasibility of collecting archeological
and ecological data simultaneously using
advanced technologies. Specifically, we test the
practicability of extracting ecological data from
both video survey and laser-line scanning
acquired from human-occupied submersibles dur-
ing archeologically designed surveys of two his-
toric shipwrecks. Laser-line scanning is a method
that emits laser beams of light in a fixed-angle
band toward structures on the seafloor. The
reflected light is absorbed by a sensor to measure
precise range to structure and can be used to form
point cloud digital elevation models (Amend et al.
2007). Video and laser-line scanning surveys have
been used independently for archeology and ecol-
ogy but not for a cross-disciplinary approach. For
example, video has been used to search a section
of the continental shelf off the north coast of Tur-
key, a now-submerged paleoshoreline, for evi-
dence of humans from more than 7000 yr ago
(Coleman et al. 2000). Also for archeological pur-
poses, laser-line scanning was used to model the
shipwreck of the RMS Titanic (Ludvigsen et al.
2007). Ecologically, video from submersibles and
laser-line scanning have been used together to
assess marine habitats and fish populations. Yok-
lavich et al. (2003) and Amend et al. (2007) col-
lected videos and laser-line scanning from
remotely operated vehicles to document benthic
reef fish habitats and populations, but not ship-
wrecks. For ecological assessments of shipwrecks,
combining video surveys with laser-line scanning
surveys allow us to count, identify, and measure
fish species, as well as to document spatial rela-
tionships between these species and shipwrecks.

We focused our surveys on two World War II
shipwrecks: the U-576 and the SS Bluefields.
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These ships sank during a naval battle on 15 July
1942, when the German U-boat U-576 attacked
the KS-520 convoy, a fleet of 19 allied merchant
vessels and five escorts headed south from
Hampton Roads, Virginia to Key West, Florida
(Bright et al. 2012). The U-576 fired four torpe-
does and struck three merchant ships, incapaci-
tating the Chilore and ].A. Mowinckel, and sinking
the Nicaraguan freighter SS Bluefields. The U-576
was also damaged during the battle, reportedly
sustaining damage from an armed guard crew
aboard SS Unicoi, and concurrently straddled by
aerial depth charges from two U.S. Navy Kingf-
sher aircraft. Today, the 67-m long U-576 rests
241 m apart from the 76-m long SS Bluefields, in
210 and 245 m of water, respectively. Since this is
the only naval battlefield of World War II on the
east coast of the United States where both the
victim and aggressor sank in the same vicinity,
the resting place of these two shipwrecks
remains important historically and archeologi-
cally (Bright et al. 2012). These shipwrecks also
provide habitat for fish species and benthic
invertebrates.

Our main objective was to document fish com-
munities on two deep shipwrecks: the U-576 and
SS Bluefields, providing a case study in using
archeological data to extract ecological metrics.
We utilized data from video and laser-line scan-
ning surveys conducted from human-occupied
submersibles to ask three ecological questions:
(1) What is the fish community composition and
abundance on each shipwreck? (2) What are the
behaviors displayed by fish near the sub-
mersibles? and (3) How are fish spatially dis-
tributed on and around each shipwreck? In
pairing video and laser-line scanning technolo-
gies, we can obtain ecological metrics for fish
communities associated with shipwrecks from
archeological data.

METHODS

Study sites

Archeological surveys of two shipwrecks, the
German submarine U-576 and the Nicaraguan
freighter SS Bluefields, were conducted on 24-26
August and on 28 August 2016 during daytime
hours. These ships sank on 15 July 1942 during
the same World War II battle on the continental
shelf of North Carolina, USA (Fig. 1).
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Data collection

Both shipwrecks were surveyed from two
human-occupied submersibles (Triton 1000/2)
deployed from the R/V Baseline Explorer. One of
the submersibles, which we refer to as the laser-
line scanning submersible, was equipped with a
laser-line scanning system (2G Robotics ULS-
500) and a high-definition video camera. The sec-
ond submersible, which we refer to as the photo-
video submersible, was equipped with an ultra
high-definition video camera (Red Dragon
Cinema Camera) and still camera (Sub C Imag-
ing 1 Cam Alpha +) intended to collect imagery
for documentation and photogrammetry. The
video camera footage was illuminated by lights
on the submersible. The laser-line scanning sys-
tem uses lasers to acquire a point cloud of
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shipwreck features with accuracy <1 mm,
enabled by a long-baseline navigation system
and an array of six acoustic beacons mounted on
tripods with acoustic releases and float collars.
These beacons were placed in a large circle
encompassing both wrecks sites approximately
200 m apart and with line of sight to at least two
other beacons in the array.

During shipwreck assessments, the laser-line
scanning submersible surveyed first and was fol-
lowed by the photo-video submersible. There
was a one- to two-hour delay between launch of
the laser-line scanning submersible and the
photo-video submersible because of the time nec-
essary to launch each submersible. Although the
data streams from the two submersibles were not
collected simultaneously, the collected data are

76°0'0"W

75°0'0"W
|

Fig. 1. Location of shipwrecks U-576 and SS Bluefields on the continental shelf of North Carolina, USA. Insert
in lower right shows multibeam bathymetry of the two shipwrecks, where warmer colors indicate shallower

depths.
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comparable both spatially and temporally
(Fig. 2). The submersibles generally traversed
from the bow to the stern of the wrecks or vice
versa multiple times until laser and video ima-
gery had been collected over the entire wreck.
While the field of view was consistent across
transects, the two shipwrecks were different
lengths, and therefore, the associated transects
were also of different lengths. Because current
was minimal, we were able to look at both sides
of the shipwrecks. The laser-line scanning sub-
mersible often resurveyed parts of the shipwreck
that were specific archeological targets to acquire
optimal imagery to compile into a three-dimen-
sional model. Similarly, the submersible collect-
ing video often approached specific targets on
the shipwrecks to acquire close-up footage of the
targets (Fig. 2).

Since the human-occupied submersibles col-
lected video and conducted laser-line scanning
continuously when performing archeological site
assessments, we divided the continuous video
and laser-line scanning footage into discrete tran-
sects demarcated by changes in the travel direc-
tion of the submersible (Appendix S1: Table S1).
For example, when the submersible traveled

JOHNSON ET AL.

from the stern to the bow collecting continuous
video footage, this was a full transect. When the
video cut to new footage looking at the bow and
drove toward the stern, this was an additional
full transect. Due to the high variability of condi-
tions over transects, fish abundance was not
averaged over all transects from a wreck, but
instead, the most comparable video and laser-
line scan transect on each wreck were used to
assess fish metrics extracted from the two tech-
niques. The most comparable transect for each
wreck was chosen based on which video and
laser-line transects followed the closest path, spa-
tially. Some surveys did not fully traverse from
the bow to the stern of the vessels, and we did
not analyze these partial transects due to uncer-
tainty in search area and lack of spatial reference.
In total, four full video transects were conducted
on the U-576 and two on the SS Bluefields
(Appendix S1: Table S1).

Video data processing

For each transect delineated from the contin-
uous video, we counted and identified fish to
the lowest taxonomic level possible. Most fish
were identified to species level; however, some

Fig. 2. Human-occupied submersible video and laser-line scanning imagery for two prominent features on the
U-576: deck gun (A, video; B, laser-line scanning) and conning tower (C, video; D, laser-line scanning). White
arrows in panel (D) highlight fish that are more difficult to see.
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fish were identified to the genus level, largely
when we were unable to distinguish among
grouper species. We recorded the time when
each fish was first observed in the video, as
well as the location of the fish on the shipwreck
(e.g., port, starboard, stern bow, conning tower,
deck gun). Fish behavior, such as resting, swim-
ming, stationary, changing direction, and fol-
lowing, was also noted. Fish were classified as
resting when the fish and its fins were motion-
less, usually close to the bottom (Gerlai et al.
1990). If a fish was moving from one place to
another using all or most of its fins, then it was
deemed swimming (Gerlai et al. 1990). When a
fish continuously moved its caudal and pectoral
fins but did not change location, it was classi-
fied as stationary (Bolgan et al. 2016). When a
fish moved its caudal fin quickly resulting in
modification of its trajectory toward a different
direction, it was categorized as changing direc-
tion (Bolgan et al. 2016). When one fish swam
behind another in the same direction, it was
classified as following. We recounted the fish
multiple times over each transect to help avoid
double counting fish that were moving. Most
swimming fish moved more slowly than the
submersible or sought refuge in the wreck
structure, which helped us avoid double count-
ing, yet although unlikely, we acknowledge that
double counting could have occurred. We could
not measure the fish length using video data
because the photo-video submersible lacked a
calibrated stereo-system, as well as set-distance
lasers.

For each transect, we also recorded qualitative
information about the transect direction (e.g.,
transect from bow to stern and transect from
stern to bow). Submersible behavior was
recorded as either crabbing (moving forwards
and sideways simultaneously), zooming in
toward a target feature, ascending, descending,
sustaining a close-up look, etc. For example,
when the submersible drove down the side of
the wreck simultaneously looking at the hull and
the area off the hull, this was considered crab-
bing. Zooming in was the action of moving clo-
ser, while a close-up look was footage once the
vehicle was already close to a target feature. We
used these supplemental classifications mainly as
a means of auditing and creating a reproducible
video processing protocol.
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Laser-line scan data processing

The data points recorded during laser-line
scanning were post-processed to incorporate
navigation data so that the resulting three-di-
mensional models were geo-rectified. This was
accomplished by Sonardyne technicians and
required manually referencing time stamps from
the long-baseline navigation data to the laser
data. The point clouds were then imported into
CloudCompare Edition 2.10.2. Similar to the
video data, the laser-line scanning data were split
within CloudCompare into transects, and fish
were counted separately for each transect. When
a fish was observed, the point picking tool was
used to click on the center of the fish body. This
tool provided x, y, and z coordinates of the fish.
Using the point picking tool, the total length (m)
from the tip of the caudal fin to the front of the
mouth was measured. When a fish was in close
proximity to another fish or the wreck, the point
picking tool sometimes selected points that were
not part of the fish in question. Because of this,
we confirmed that the points chosen when mea-
suring the length of the fish were points that
composed the target fish, not the surrounding
fish or structure. For each fish, the x, y, z coordi-
nates, and total length were recorded. Some fish
were behind a part of the wreck or partially out-
side of the field of view so did not have a fully
visible body. When this occurred, the point pick-
ing tool was used to choose the best estimate of
the center of the fish. Sometimes, laser-line scan-
ning revealed imagery of parts of fish, rather
than whole fish. The partial fish were excluded
from transect abundance values and later analy-
ses to focus on measured fish. For each of the
observed individual fish, the fish type (e.g.
large-bodied fish like grouper and wreckfish)
was deduced based on length and shape of the
fish. Because laser-line scanning was conducted
at a similar time as the video, the video helped
verify which species and families may have been
imaged during laser-line scanning. Even though
the laser-line scanning imagery is a still three-
dimensional model of points, we could classify
fish behavior as stationary, swimming, or chang-
ing direction. For example, some fish had dis-
torted bodies or elongated tails indicating they
moved quickly (swimming) as the lasers hit
them. All fish that were distorted were classified
as swimming while the fish that were still during
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the laser burst were categorized as stationary.
Other fish were visibly changing direction dur-
ing laser detection. With many of the partial fish,
there was no way to determine behavior. General
fish location was noted in accordance with the
video data (e.g., port, starboard, bow, stern, and
conning tower).

Data analysis

Data were analyzed and visualized using R
version 3.5.3 (R Core Team 2019). We limited our
analyses to simple numerical assessments for
several reasons. First, as our goal was to see how
laser-line scanning and video surveys could pro-
vide complementary information, quantitative
comparisons were not warranted. Second, we
did not compare estimates of fish abundance
between shipwrecks since the shipwrecks and
associated transects were of different lengths.
Third, this case study contains low replication of
transects over which fish abundances can be
highly variable. Partial video and laser-line scan-
ning transects were not included in the numeri-
cal assessments, rather we used four full video
transects and three laser-line scanning transects
for the U-576. Of these, we selected one video
and one laser-line scanning transect that were the
most spatially and temporally coincident and
used them to determine how the two survey
methods complement each other. We refer to
these as the coincident transects. For the Blue-
fields, we obtained two full video and two full
laser-line scanning transects and again examined
one of each transect type directly.

Demersal fishes were detectable in laser-line
scanning, as well as videos, whereas schooling
fishes were detected only in videos. Because one
of our objectives was to assess video and laser-line
scanning survey methods, we focused our analy-
ses on demersal fishes. The fish classified as dem-
ersal were fish that associated with the bottom or
structural components of the wrecks. There were
water-column species present that were not
included in the analyses due to their transient nat-
ure. We classified the following species as demer-
sal: snowy grouper (Hyporthodus niveatus),
warsaw grouper (Hyporthodus nigritus), yellow-
edge grouper (Hyporthodus flavolimbatus), and
wreckfish (Polyprion americanus). We excluded
conger eel (Conger oceanicus) from demersal fishes
despite their strong association with the
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shipwreck structure because they often hide in
crevices of the wreck so are difficult to detect
using either survey method. We qualitatively
assessed demersal fish abundance among all tran-
sects on each shipwreck. We also examined dem-
ersal fish counts from the two survey methods
using the coincident video and laser-line scanning
transects from each shipwreck. We then examined
numerical patterns in fish behavior on the coin-
cident video and laser-line scanning transects.

For the coincident laser-line scanning transect
on each wreck, we determined demersal fish spa-
tial distributions and size distributions. To inves-
tigate the spatial distribution on each shipwreck,
the x, y, and z coordinates were used to plot the
three-dimensional locations of each fish relative
to shipwreck structures. These visualizations
allowed us to qualitatively assess whether fish
distributions concentrated on particular portions
of the shipwrecks, such as the bow, stern, or
other distinguishing features. From the laser-line
scanning data, we also extracted fish lengths. We
binned fish into 10 cm wide size classes ranging
from 40 cm to 110 cm. We then calculated the
percent frequency of fish of particular size bins
on each shipwreck.

REesuLTS

Fish communities

Video surveys revealed that the fish commu-
nity on the U-576 included two grouper species:
snowy grouper and warsaw grouper, as well as
demersal wreckfish (Table 1). Fish more tran-
siently associated with the shipwreck structure
included Darwin’s slimeheads (Gephyroberyx dar-
winii) and barrel fish (Hyperoglyphe perciformis).
Barrel fish were only observed off transects so
were not included in analyses or visualizations.
Conger eel, Anthiinae, and other unidentified
small fish were observed close to the structure.
The SS Bluefields also hosted snowy grouper and
warsaw grouper (Table 1). Another species of
grouper, yellow-edge grouper, occurred on the
SS Bluefields but not the U-576. Fishes, such as
wreckfish, Darwin’s slimeheads, Anthiinae, con-
ger eel, and other unidentified small fish,
observed on the U-576 were likewise observed
on the SS Bluefields.

On the U-576, an average of 38.2 + 4.0 demer-
sal fish was observed across the four video

November 2020 ** Volume 11(11) *%* Article e03210



EMERGING TECHNOLOGIES

JOHNSON ET AL.

Table 1. Fish abundance for (A) video transects and (B) laser-line scanning transects on the U-576 and SS Blue-

fields.

U-576 SS Bluefields

Fish species Common name

Transect 1 Transect2 Transect3 Transect4 Transect1 Transect2

(A) Video
Anthiinae (subfamily) Anthiinae 56
Conger oceanicus Conger eel 1
Hyporthodus flavolimbatus Yellow-edge grouper
Hyporthodus nigritus Warsaw grouper
Hyporthodus niveatus Snowy grouper 1
Hyporthodus sp. Unknown grouper 17
Gephyroberyx darwinii Darwin’s slimehead 2
Polyprion americanus Wreckfish 1
Unknown small fish Unknown small fish 0
Total fish 91
Demersal fish 32

(B) Laser-line scanning
Demersal fish 20

0 0 0 4 0
0 1 0 3 0
0 0 0 0 1
5 2 0 3 0
19 30 9 32 5
10 18 28 14 8
1 3 0 5 1
0 0 1 0
0 144 0 386 0
35 198 37 448 15
34 50 37 50 14
23 35 19 65

Notes: For video transects, species-specific abundance, as well as demersal fish abundance (bold text), and total fish
abundance are provided. For laser-line scanning, species identification was not possible, so aggregated demersal fish
abundance is provided. On the U-576, the most spatially coincident transects were video transect 2 and laser-line scan-
ning transect 3. On the SS Bluefields, the most spatially coincident transects were video transect 1 and laser-line scanning

transect 2.

transects (Fig. 3A). Abundances varied among
transects with observations ranging from 32 to
50 fishes per transect. Laser-line scanning
revealed a lower mean demersal fish abundance
than the video transects (26.0 + 4.6) across three
transects. Fish abundance from different laser-
line scanning transects was also variable, ranging
from 20 to 35 fish per transect (Fig. 3A). When
we examined one video and one laser-line scan-
ning transect for the U-576 chosen to be spatially
and temporally coincident, a similar number of
demersal fish were counted in the video (34 fish)
and laser-line scanning transects (35 fish;
Figs. 3A, 4). Of the 34 fish observed in the video,
the majority (19) were snowy grouper, 5 were
warsaw grouper, and 10 were unspecified
grouper of the genus Hyporthodus (Fig. 4B). From
the laser-line scanning transect, we learned that
the 35 fish detected from laser-line scanning had
a mean length of 76.8 + 3.2 cm (Fig. 5A).

On the SS Bluefields, the average number of fish
observed across the two video transects was
32.0 & 18.0. Abundance, however, was highly
variable between the two transects, as 50 demer-
sal fish were counted on the first video transect
and 14 on the second (Fig. 3B). Fish abundance
enumerated from the laser-line scanning
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transects was variable, as well, with observations
of 19 demersal fish on the first and 65 on the sec-
ond transect, resulting in a mean fish abundance
of 42.0 + 23.0 (Fig. 3B), which was higher than
the abundance estimated from the video tran-
sects. For the single video and single laser-line
scanning transects that we assessed due to their
high spatial and temporal overlap, the video
detected 50 demersal fish, whereas 65 demersal
fish were detected with the laser-line scanning
data (Figs. 3B, 4). The 50 demersal fish from the
coincident video transect included mainly snowy
grouper (32) but also 3 warsaw grouper, 14
unspecified grouper of the genus Hyporthodus,
and 1 wreckfish (Fig. 4D). The mean length of
the 65 fish detected with laser-line scanning was
78.1 + 2.57 cm (Fig. 5B).

Behavior

Video and laser-line scanning imagery pro-
vided different resolutions for fish behavior clas-
sification. Across all video transects, we
observed demersal fish exhibiting five behaviors:
resting, swimming, stationary, changing direc-
tion, and following in the video data. From the
laser-line scanning data, we were able to classify
fish behavior more coarsely as stationary,
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Fig. 3. Demersal fish abundance observed during video vs. laser-line scanning transects for (A) U-576 and (B)
SS Bluefields. Dark bars are the most spatially coincident transects for video and laser-line scanning on each indi-
vidual shipwreck, since these transects cover nearly the same area of each shipwreck.

swimming, and changing direction. Because the
laser-line scan is a still image made from a beam
of lasers, resting and following behaviors were
undistinguishable from stationary behavior. The
coincident U-576 video transect was mainly com-
posed of swimming (31) fish but also included 3
stationary fish (Table 2). In the U-576 laser-line
scan, the majority of the fish (33) were stationary,
rather than swimming, since their body shapes
showed no signs of distortion (Table 2). There
were only 2 demersal fish whose bodies were
distorted, indicating that they were swimming
(Table 2). Similarly, on the SS Bluefields video
transect, the majority of fish were swimming (49)
and only one was stationary (Table 2). And, like
in the U-576, the SS Bluefields laser-line scanning
showed the opposite pattern to the video—of
mostly stationary fish (62) vs. only several (3)
swimming (Table 2).

Spatial distribution

Fish were largely located in four locations on
the U-576: stern, conning tower, deck gun, and
bow. The coincident video and laser-line scanning
transects indicated that there were 34 detected
demersal fish using the video data and 35
detected fish using the laser data (Fig. 3A). In the
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video data, the majority of the fish occurred on
the conning tower (13 fish), followed by the deck
gun (11 fish) and the bow of the shipwreck (10;
Fig. 4B). No fish occurred toward the stern of the
vessel. In the laser-line scanning survey, the high-
est number of fish occurred around the conning
tower (26) with several around the deck gun (four
fish; Fig. 4A). In contrast to the video data, no fish
were detected on the bow, but several (five fish)
were detected on the stern of the U-576.

On the SS Bluefields, the fish were classified as
located on the stern, midship, or bow. The video
and laser-line scan transects that were coincident
showed that of the 50 demersal fish from the
video, most fish occupied the midship region (24
fish), whereas fewer fish occupied the stern (11
fish) and bow (15 fish; Fig. 4D). Similarly, of the
65 fish in the laser-line scanning transect, the
highest number of fish occurred near midship
(43 fish) with fewer near the stern (seven fish)
and bow (15 fish; Fig. 4C).

DiscussioN
We successfully extracted fish community met-

rics from archeological surveys of two deep ship-
wrecks. Specifically, joint video and laser-line
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scanning surveys revealed abundances of demer-
sal fishes on both shipwrecks and that these fish
concentrated around high-relief shipwreck fea-
tures. Fish often swam away from the
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Fig. 4. Three-dimensional models of shipwrecks
and corresponding fish spatial distributions for (A, B)
U-576 and (C, D) SS Bluefields. (A, C) Locations of indi-
vidual demersal fish (white points) relative to laser-

ECOSPHERE ** www.esajournals.org

JOHNSON ET AL.

submersible collecting video footage but
remained more stationary during laser-line scan-
ning. Here, we discuss the type of information
learned from video and laser-line scanning and
then place our observations on fish abundance,
spatial distributions, and behavior into a broader
ecological context.

Extracting fish metrics from video and laser-
line scanning data worked well, largely because
the types of data collected by the two methods
complemented each other. Video data were bet-
ter at identifying fish to fine taxonomic levels
and describing fish behavior, whereas laser-line
scanning data were better at documenting spatial
distributions and measuring fish sizes. We do
note, however, that coupling video with dual,
static lasers could have provided accurate fish
size measurements, as well. Both video and
laser-line scanning provided abundance esti-
mates, yet these estimates often differed from
each other because of differing fields of view. On
one shipwreck (U-576), we counted nearly identi-
cal numbers of fish in video and laser-line scan-
ning, whereas on the other shipwreck (S5
Bluefields), we counted fewer fish in the video
than laser-line scanning. Different estimates of
fish abundance from video and laser-line scan-
ning have also been shown on natural reef habi-
tats, likely because of differences in how these
methods distinguish fish from the surrounding
seafloor structures (Yoklavich et al. 2003). For
example, one of the shipwrecks that we sur-
veyed, the U-576, lists toward port, so fish hiding
underneath the port side were obscured from the
video and laser-line scanning data unless the
human-occupied submersible was close to the
sand at an angle enabling visualization of these
fish. Additionally, since video surveys often
paused to investigate specific archeological tar-
gets of interest, this could affect abundance esti-
mates by providing a different perspective than

Fig. 4. Continued

line scanning models of shipwrecks. Relative locations
of fish to one another are to scale. Fish locations in the
z-dimension have been translated above the wreck to
improve the ability to see the fish locations in the x
and y dimensions, and thus do not represent actual
altitude off the wrecks. (B, D) Species-specific abun-
dances of demersal fish associated with key shipwreck
features as seen from video footage.
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Fig. 5. Percent frequency of demersal fish observed by total length (cm) from laser-line scanning data collected
on one transect for each shipwreck: (A) U-576 (n = 35, transect 3) and (B) SS Bluefields (n = 65; transect 2).

Table 2. Demersal fish behavior from coincident video
and laser-line scanning transects on the U-576 and
SS Bluefields.

Behavior Video Laser-line scanning
(A) U-576
Swimming 31 2
Stationary 3 33
Total 34 35
(B) SS Bluefields
Swimming 49 3
Stationary 1 62
Total 50 65

seen in the laser-line scanning data. Likewise,
since the amount of time required for video vs.
laser-line scanning surveys differs, this could
affect abundance estimates.

Demersal fishes on both shipwrecks that we
surveyed clustered around structures of high
relief, such as the conning tower and deck gun
on the U-576. This pattern of fish concentrating
around defined seafloor structures has also been
demonstrated around rocky hard-bottom reefs.
For example, on rocky reefs on the continental
shelf of the southeast United States, grouper tend
to aggregate around structures of high relief
(Harter et al. 2009). On the shipwrecks that we
studied, the midship of both the U-576 and SS
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Bluefields have many areas of high relief (e.g., U-
576 conning tower and deck gun or SS Bluefields
deck winches and rubble) relative to other parts
of the shipwrecks, where the grouper tended to
congregate. Demersal fishes also aggregated on
the port side of both vessels. Incidentally, the
port sides face the same direction because the
bows of both shipwrecks point toward the south-
west. We hypothesize that water curre